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IMAGE ENCODING/DECODING METHOD
AND APPARATUS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims priority from Korean Patent Appli-
cation No. 10-2006-0062441, filed on Jul. 4, 2006, 1n the
Korean Intellectual Property Office, the disclosures of which
are incorporated herein 1n their entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Methods and apparatuses consistent with the present
invention relate to image encoding and decoding, and more
particularly, to an 1mmage encoding/decoding method and
apparatus, 1n which using correlation between residues of a
plurality of color component 1mages, a residue of one of the
color component 1mages 1s predicted from a residue of
another color component image, thereby improving encoding
eificiency.

2. Description of the Related Art

In general, when an 1image 1s captured, the captured origi-
nal image 1s 1n a red, green, and blue (RGB) color format. To
encode the RGB color format image, the RGB color format
image 1s transformed into aYUV (or YCbCr) color format. Y
1s a black-white image and has a luminance component and U
(or Cb) and V (or Cr) have color components. Information 1s
uniformly distributed over R, G, and B components 1n an
RGB 1mage, but information 1s concentrated 1n a' Y compo-
nent and the amount of information in U (or Cb) and V (or Cr)
components 1s small in a YUV (or YCbCr) image. Thus, the
YUV (or YCbCr) image can be compressed with high com-
pression elficiency. To further improve compression eifi-
ciency, aYUV (or YCbCr) 4:2:0 image obtained by sampling
color components U (or Cb) and V (or Cr) of an YUV (or
YCbCr) image at a ratio of 1:4 1s generally used.

However, since 1/4 sampling of U (or Cb) and V (or Cr)
components i a YUV (or YCbCr) 4:2:0 image causes color
distortion, 1t 1s not suitable for providing high display quality.
Thus, a method for effectively encoding a YUV (or YCbCr)
4:4:4 1mage without sampling U (or Cb) and V (or Cr) 1s
required. Recently, residual color transtform (RCT) which
directly encodes an RGB 4:4:4 image to remove color distor-
tion occurring in transformation of an RGB image toaYUV
(or YCbCr) 1image, or inter-plane prediction (IPP) has been
suggested.

When an image likeaYUV (or YCbCr) 4:4:4 1mage and an
RGB 4:4:4 1image 1n which color components have the same
resolution 1s directly encoded using a related art encoding
method, encoding efliciency 1s degraded. Thus, a method for
improving encoding efficiency while maintaining high dis-
play quality by prediction based on the statistical character-
1stics of an 1mage 1s required for a case where a YUV (or
YCbCr) 4:4:4 image 1s encoded or an RGB 1mage 1s encoded

in an RGB domain without being transformed to a YUV (or
YCbCr) format.

SUMMARY OF THE INVENTION

The present invention provides an image encoding/decod-
ing method and apparatus, in which a residue of one of a
plurality of color component images constituting a color
image 1s predicted from another color component image
using a correlation between the residues of the color compo-
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2

nent 1mages, without transforming an RGB color format to
another color format, thereby improving encoding efficiency.

According to an aspect of the present invention, there 1s
provided an 1mage encoding method comprising: generating
a first residue block of each of a plurality of color component
images of an mput image, the first residue block correspond-
ing to a difference between an iput pixel block and a predic-
tion pixel block of the each of the color component images;
encoding the first residue block of a first color component
image among the color component images; reconstructing the
encoded first residue block of the first color component
image; generating a second residue block of each of at least
one of remaining color component 1mages which does not
comprise the first color component 1mage by predicting a
residue of the each of the at least one of the remaining color
component images using the reconstructed first residue block
of the first color component image; and generating a third
residue block of the each of the at least one of the remaining
color component images by calculating a difference between
the first and second residue blocks of the each of the at least
one of the remaining color component images.

According to another aspect of the present invention, there
1s provided an 1image encoding apparatus comprising: a pre-
diction pixel block generating unit which generates a predic-
tion pixel block of an mput pixel block of each of a plurality
ol color component 1images constituting an input image; a
residue generating unit which generates a first residue block
of each of the color component images that corresponds to a
difference between the input pixel block and the prediction
pixel block of the each of the color component images, a
second residue block of each of at least one of remaining color
component 1mages which does not comprise a first color
component 1image among the color component 1mages by
predicting a residue of the each of the at least one of the
remaining color component images using a reconstructed first
residue block of the first color component 1image, and a third
residue block of the each of the at least one of the remaining
color component 1images, that corresponds to a difference
between the first and second residue blocks of the each of the
at least one of the remaining color component images; and an
encoding unit which encodes the generated residue blocks.

According to another aspect of the present invention, there
1s provided an 1mage decoding method comprising: receiving
a bitstream comprising a first residue block of each of a
plurality of color component images of an input image, the
first residue block corresponding to a difference between an
input pixel block and a prediction pixel block of the each of
the color component images, and a third residue block of each
ol at least one of remaining color component images which
does not comprise a first color component image among the
color component images, the third residue block correspond-
ing to a difference between a second residue block of the each
of the at least one of the remaining color component images
predicted using the first residue block of the first color com-
ponent image, and the first residue block of the each of the at
least one of the remaining color component images; decoding
the first residue block of the first color component image and
the third residue block of the each of the at least one of the
remaining color component 1mages; generating the second
residue block of the each of the at least one of the remaining
color component images by predicting a residue of the each of
the at least one of the remaining color component 1mages
using the decoded first residue block of the first color com-
ponent 1mage; reconstructing a first residue block of the each
of the at least one of the remaining color component images
by adding the generated second residue block and the
decoded third residue block; and reconstructing pixel blocks
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ol the color component images by adding the prediction pixel
block and the first residue block of the each of the color

component 1mages.

According to another aspect of the present invention, there
1s provided an image decoding apparatus comprising: a
decoding unit which recerves comprising a first residue block
of each of a plurality of color component 1mages of an input
image, the first residue block corresponding to a difference
between an iput pixel block and a prediction pixel block of
the each of the color component 1mages; and a third residue
block of each of at least one of remaining color component
images which does not comprise a first color component
image among the color component images, the third residue
block corresponding to a difference between a second residue
block of the each of the at least one of the remaining color
component 1mages predicted using the first residue block of
the first color component image, and the first residue block of
the each of the at least one of the remaining color component
images, and decodes the first residue block of the first color
component image and the third residue block of the each of
the at least one of the remaining color component 1images; a
residue generating unit which generates the second residue
block of the each of the at least one of the remaining color
component 1images by predicting a residue of the each of the
at least one of the remaining color component 1images using
the decoded first residue block of the first color component
image, and reconstructs a first residue block of the each of the
at least one of the remaining color component 1mages by
adding the generated second residue block and the decoded
third residue block of the each of the at least one of the
remaining color component images; and a reconstructing unit
which reconstructs pixel blocks of the color component
images by adding the prediction pixel block and the first
residue block of the each of the color component 1images.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects of the present invention will
become more apparent by describing in detail exemplary
embodiments thereotf with retference to the attached drawings,
in which:

FIGS. 1A through 1C respectively illustrate a red (R) color
component 1mage, a green () color component image, and a
blue (B) color component image of a single color image;

FI1G. 2A 1s a graph showing correlation between the G color
component 1mage ol FIG. 1B and the B color component
image ol FI1G. 1C according to an exemplary embodiment of
the present invention;

FI1G. 2B 1s a graph showing correlation between the R color
component 1mage of FIG. 1A and the G color component
image ol FI1G. 1B according to an exemplary embodiment of
the present invention;

FI1G. 3 1s a block diagram of an image encoding apparatus
according to an exemplary embodiment of the present mnven-
tion;

FIG. 4 1s a block diagram of a residue generating unit 320
in FIG. 3 according to an exemplary embodiment of the
present invention;

FI1G. 5 1s a flowchart illustrating an image encoding method
according to an exemplary embodiment of the present mnven-
tion;

FIG. 6 A illustrates a 16x16 first residue block of a G color
component image according to an exemplary embodiment of
the present invention;

FIG. 6B illustrates a 16x16 first residue block of a B color
component image according to an exemplary embodiment of
the present invention;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 6C illustrates a16x 16 first residue block of an R color
component 1mage according to an exemplary embodiment of
the present invention;

FIG. 7A 1llustrates the processing order of 8x8 residue
blocks 1n an 1image encoding method and method according to
an exemplary embodiment of the present invention;

FIG. 7B illustrates the processing order of 4x4 residue
blocks in an 1mage encoding method and apparatus according
an exemplary embodiment of to the present invention;

FIG. 8 1s a block diagram of an image decoding apparatus
according to another exemplary embodiment of the present
imnvention; and

FIG. 91s aflowchart 1llustrating an image decoding method
according to another exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinatter, exemplary embodiments of the present inven-
tion will be described 1n detail with reference to the accom-
panying drawings.

Terms used to explain the exemplary embodiments of the
present will be defined.

A residue 1s defined as a difference between an original
input 1mage and a predicted 1image. When a color image
comprises an R color component image, a G color component
image, and a B color component image, residues of the color
component images, AR, AG, and AB, are defined as follows;

AR=R-R,
AG=G-G,

AB=B-B, (1)

In equation (1), R, G and B represent original input images
of the color components, and R, G, and B, represent pre-
dicted 1mages of the color components.

A first residue block 1s defined as a block of which pixels
are comprised of differences between the original input block
and the predicted block. Actually, the first residue block 1s
identical with the residue block 1n a related art.

A second residue block 1s defined as a block of which
pixels are predicted from reconstructed first residue blocks of
a first color component 1mage according to an exemplary
embodiment of the present invention.

A third residue block 1s defined as a block of which pixels

are comprised of differences between the first residue block
and the second residue block.

FIGS. 1A through 1C respectively illustrate an R color
component 1image, a G color component 1image, and a B color
component image of a single color image, FIG. 2A 1s a graph
showing correlation between the G color component image of
FIG. 1B and the B color component image of FIG. 1C, and
FIG. 2B 1s a graph showing correlation between the R color
component 1image of FIG. 1A and the G color component
image of FIG. 1B.

In general, when a color 1mage 1s encoded, predictive
encoding 1s performed on each of color component images to
remove redundant information 1n each of color components.
Referring to FIGS. 1A through 1C, pixels of RGB color
component 1mages of a single color image at the same posi-
tion have similar pixel values, which can also be seen from
graphs illustrated in FIGS. 2A and 2B. In addition, when
performing temporal or special prediction encoding on each
of R, G, and B color components, the residues of the R, GG, and
B color components are highly correlated. Thus, redundancy
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information between the residues 1s eliminated using the cor-
relation between the residues of the color component images,
thereby markedly improving the compression efficiency.

Based on the above-described fact, the present invention
provides an 1mage encoding/decoding method and apparatus
in which a residue of a first color component 1mage among a
plurality of color component images 1s used to predict a
residue of aremaining color component image, and instead of
encoding the residue of the remaining color component
image as 1n a related art, only a difference between a predicted
residue of the remaining color component image and an origi-
nal residue of the remaining color component image 1s
encoded.

Hereinatiter, methods and apparatuses for encoding/decod-
ing an 1mage 1 an RGB 4:4:4 domain according to exemplary
embodiments of the present invention will be described. The
following description 1s focused on the encoding of a single
macroblock 1n a current frame. For the convenience of
description, 1t 1s assumed that encoding 1s performed in the
order of a G color component 1image, a B color component
image, and an R color component 1mage, but not limited to
this order.

FI1G. 3 1s a block diagram of an image encoding apparatus
according to an exemplary embodiment of the present mnven-
tion. Although the image encoding apparatus 1s assumed to
comply with the H.264 standard for the convenience of expla-
nation, it may also be applied to other 1image encoding appa-
ratuses for performing residue coding.

Referring to FIG. 3, an 1image encoding apparatus 300
according to an exemplary embodiment of the present mnven-
tion includes a prediction pixel block generating unit 310, a
residue generating unit 320, a transformation/quantization
unit 330, an entropy-coding unit 340, an inverse quantization/
iverse transiormation unit 350, and a reconstructing unit
360.

The prediction pixel block generating unit 310 performs
intra or iter prediction on each color component image of an
input image 1n units of an mput pixel block having a prede-
termined si1ze. Here, prediction according to, for example, the
H.264 standard, or other modified intra or inter prediction
methods can be used for the intra or inter prediction.

The residue generating umt 320 generates first residue
blocks of color component images by calculating a difference
between an mput pixel block and a prediction pixel block of
cach color component image generated in the prediction pixel
block generating unit 310. The residue generating unit 320
also generates a second residue block by predicting a residue
of a remaining color component image using a reconstructed
first residue block of a first color component 1image. In addi-
tion, the residue generating unit 320 generates a third residue
block that 1s a difference between the first and second residue
blocks of the remaining color component block.

FI1G. 4 1s a detailed block diagram of the residue generating,
unit 320 1n FIG. 3.

Referring to FIG. 4, the residue generating unit 320 com-
prises a first residue block generating portion 321, a second
residue block generating portion 322, and a third residue
block generating portion 323.

The first residue block generating portion 321 generates
first residue blocks of the color component images by calcu-
lating a difference between an input pixel block and a predic-
tion pixel block of each color component image generated in
the prediction pixel block generating unit 310. For example,
the first residue generating unit 320 generates a {irst residue
block of a G color component 1image, a first residue block of
a B color component image, and a first residue block of an R
color component 1mage by calculating a difference between
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an iput pixel block and a prediction pixel block of each ot the
R, G, and B color component images.

The second residue block generating portion 322 generates
a second residue block of a remaining color component image
using a reconstructed first residue block of a first color com-
ponent 1mage.

As described above, the residues of the color component
images constituting a single color image are correlated and
can be modeled using a first-order function. The second resi-
due block generating portion 322 generates a second residue
block of the remaining color component image by predicting
a residue of the remaining color component image using a
residue value, which 1s used as a parameter, of the recon-
structed first residue block of the first color component image
and a predictor generated by a linear modeling process. For
example, assuming that the first color component imagei1s aG
color component image, the second residue block generating
portion 322 generates a second residue block of each of the B
and R color component images by predicting residue blocks
of the B and R color component images using a reconstructed
first residue block of the G color component image that has
been transformed and quantized by the transformation/quan-
tization unit 330, and inversely quantized and inversely trans-
formed by the mverse quantization/inverse transformation
unit 350. The linear modeling process for predicting residue
blocks of the remaiming color components 1mage using the
first residue block of the first color component image will be
described later.

The third residue block generating portion 323 generates a
third residue block by calculating a difference between the
first and second residue blocks of the remaining color com-
ponent 1mage.

As described above, the first residue block of the first color
component 1image among the residue blocks of the color
component 1images 1s transformed, quantized, and entropy-
coded. However, for the remaining color component image
excluding the first color component image, the third residue
block that 1s a difference between the first and second residue
blocks of the remaining color component image, not the first
residue block, are encoded. The third residue block of the
remaining color component 1image 1s smaller than the first
residue block, which corresponds to the original residue
block, so that a smaller amount of bits can be allocated to the
residue block of the remaining color component 1mage,
thereby improving the encoding efficiency.

The transformation/quantization unit 330 transforms and
quantizes the first residue block of the first color component
image and the third residue block of the remaining color
component image, which 1s generated 1n the residue generat-
ing unit 320. The entropy-coding unit 340 entropy-codes the
transiformed and quantized residue blocks and outputs a bit-
stream. Orthogonal transform coding can be used for the
transformation. Commonly used orthogonal transform cod-
ing methods include fast Fourier transform (FFT), discrete
cosine transform (DCT), Karhunen-Loeve Transtorm (KLT),
Hadamard transform, slant transform, etc.

The mnverse quantization/inverse transformation unit 350
inversely quantizes and inversely transforms the first residue
block of the first color component 1mage, which has been
transformed and quantized by the transformation/quantiza-
tion unit 330, and outputs the inverse-quantized and mverse-
transiormed first residue block to the residue generating unit
320 to allow generation of the second residue block, which 1s
a prediction residue block of the remainming color component
image.

The reconstructing unit 360 reconstructs a pixel block of
cach of the color component images by adding the prediction
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pixel block of each of the color component images, which are
generated by the prediction pixel block generating unit 310,
and the first residue block of each of the color component
images. Here, the first residue block of the remaiming color
component image can be the first residue block of the remain-
ing color component image generated 1n the residue generat-
ing unit 320, or the result of adding the second residue block
of the remaining color component 1mage generated in the
residue generating unit 320 and the third residue block of the
remaining color component image reconstructed in the
iverse quantization/inverse transformation unit 350. The
pixel block of each of the color component 1mages recon-
structed 1n the reconstructing unit 360 1s input to the predic-
tion pixel block generating unit 310 for prediction coding of
another pixel block.

FI1G. 5 1s a flowchart of an 1mage encoding method accord-
ing to an exemplary embodiment of the present invention.
Heremafiter, the operation of the image encoding apparatus

and the image encoding method according to exemplary
embodiments of the present invention will be described with
reference to FIGS. 3 through 5.

In operation 510, the first residue block generating portion
321 generates a first residue block of each color component
image by calculating a difference between an input pixel
block having a predetermined size of each color component
image forming an input color image, and a prediction pixel
block of each color component image generated 1n the pre-
diction pixel block generating unit 310.

In operation 520, a first residue block of a first color com-
ponent 1image, among the first residue blocks of the color
component 1mages, 1s encoded by transformation, quantiza-
tion, and then entropy-coding.

In operation 530, the transformed and quantized {irst resi-
due block of the first color component 1mage 1s reconstructed
by mverse quantization and mverse transformation.

In operation 540, the second residue block generating por-
tion 322 generates a second residue block of the remaining,
color component 1mage using the reconstructed first residue
block of the first color component image. Hereinafter, with
the assumption that an input image includes R, GG, and B color
component 1images, and the G, B, and R color component
images are sequentially coded, a process of predicting second
residue blocks of the B and R color component images using,
the reconstructed first residue block of the G color component
image will be described 1n detail.

FIG. 6A 1llustrates a 16x16 first residue block of a G color
component 1mage, FIG. 6B 1llustrates a 16x16 first residue
block of a B color component image, and FIG. 6C illustrates
a 16x16 first residue block of an R color component 1mage.
Here, g,, b, and r,; indicate first residue values 1 an i row
and aj” column ofa 16x16 pixel block of the respective G, B,
and R color component 1mages. In FIGS. 6A through 6C,
hatched residues indicate reconstructed residues of a neigh-
bor residue block processed prior to the current residue block.

It 1s assumed that g, denotes a residue value in an i”” row
and a i column of the reconstructed first residue block of the

G color component image, b,; denotes a prediction residue

value, which corresponds to g',, in an i” row and a j”” column
of a first residue block pixel block of the B color component
image, a denotes a predetermined weight, and b denotes a
predetermined oifset value. The second residue block gener-
ating portion 322 models correlation between the recon-
structed first residue block of the G color component 1mage
and the first residue block of the B color component image as
a first-order function expressed by Equation 2 below. The
second residue block generating portion 322 generates pre-
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diction residue values b, of residues in the first residue blocks
of the B color component image using the residue values g’

in the reconstructed first residue block of the G color compo-
nent image as a parameter.

b;=axg';+b

(2)

As described above, a residue block of the B color compo-
nent 1image having the prediction residue values obtained
using Equation (2) 1s defined as the second residue block of
the. B color component image. The prediction residue values
ol the B color component image obtained using Equation (2),
1.€., theresidue values of the second residue block, are clipped
to integers between —255 and 255. aand b in Equation (2) may
change according to the position (1, 1) of a pixel, and are
assumed to be constant within a predetermined block 1n an
exemplary embodiment of the present invention.

a and b 1n Equation (2) may be determined as functions of
the residue values of a reconstructed neighbor residue block
of the G color component 1image and the residue values of a
reconstructed neighbor residue block of the B color compo-
nent 1mage, as in Equations (3) and (4).

— f f f f
a=mg 1o -, & 115801 - 8 15,1
f f f f
b 1o+ b 11500 1+, b'i5-1) (3)
— f 4 f 4 f
b_k(g—lﬁﬂ ..... g—l,l5’ gD?—l ..... g 15?_1, b _1?0 .....
f f f
b —1.15- b O,—1r === b 15,,—1) (4)

a and b 1n Equation (2) can be defined in various manners.
For example, a and b satistying Equation (2) may be deter-
mined by applying a linear regression model, which 1s widely
used 1n the field of statistics, to pairs of residues of a recon-
structed neighbor residue block of the G color component
image and a corresponding reconstructed neighbor residue
block of the B color component image.

As another example, a and b satisiying Equation (2) may be
determined to be values that minimize differences between
prediction residue values of a neighbor pixel block of the B
color component image, which 1s obtained by substituting the
residue values of the reconstructed neighbor residue block of
the G color component 1mage into Equation (2), and residue
values of a reconstructed neighbor residue block of the B
color component 1image. As another example, a may be deter-
mined as 1, and b may be determined as the average of
differences between residue values of a reconstructed neigh-
bor pixel block of the B color component image and residue
values of a reconstructed neighbor pixel block of the G color
component 1mage using Equation (35) below:

15 15 (3)
Z (bil,j — gil,f) + Z (b},—l - 8’},—1)
i=0

b =

=0

32

In the above-described examples, residue values of a
reconstructed neighbor residue block adjacent to the current
residue block are used to determine a and b satisiying Equa-
tion (2). The residue values of a neighbor residue block used
to determine a and b satisfying Equation (2) may include
residue values of at least one neighbor residue block 1nclud-
ing a residue block adjacent to an upper or left side of the
current residue block.

FIG. 7 A illustrates the processing order of 8x8 pixel blocks
in an 1mage encoding method and apparatus according to an
exemplary embodiment of the present invention, and FIG. 7B
illustrates the processing order of 4x4 pixel blocks 1n an
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image encoding method and apparatus according to an exem-
plary embodiment of the present ivention

The second residue block generating portion 322 can gen-
erate second residue blocks of the remaining color compo-
nent image by dividing a 16x16 residue block mto 8x8 resi-
due blocks or 4x4 residue blocks.

Referring to FIG. 7A, when a residue block of the B color
component 1mage 1s processed 1 units of 8x8 blocks, 8x8
residue blocks of the B color component image are sequen-
tially predicted left-to-right and top-to-bottom. Although the
block size has been changed, residue values of each 8x8 first
residue block of the B color component image can be pre-
dicted using Equation 2 1n a similar manner to the above-
described process of predicting the residue value of the 16x16
first residue block of the B color component image. For
example, amay be determined as 1, and b may be determined
as the average of differences between residue values of a
reconstructed neighbor residue block of the B color compo-
nent 1mage, and residue values of a reconstructed neighbor
residue block of the G color component image as follows:

7

7
Z (Ol —gl1)+ Z (5’:;,—1 — 8’;‘,—1)

i=0 =0
16

(8)

b =

Referring to FIG. 7B, when a residue block of the B color
component 1image 1s processed 1n units of 4x4 blocks, sixteen
4x4 residue blocks of the B color component image are
sequentially predicted left-to-right and top-to-bottom. Resi-
due values of each 4x4 residue block of the B color compo-
nent 1mage can be predicted using Equation 2 in a similar
manner to the above-described process of generating a second
residue block by predicting a 16x16 first residue block or 8x8
first residue block of the B color component image. For
example, a of Equation 2 may be determined as 1, and b of
Equation 2 may be determined as the average of differences
between residue values of a reconstructed neighbor residue
block of the B color component image, and residue values of
a reconstructed neighbor pixel block of the G color compo-
nent 1image as 1n Equation (10) below:

(10)

As described above, once a and b of Equation (2) are
determined 1n various manners as described above, a second
residue block of the B color component image can be gener-
ated by substituting the residue values of the reconstructed
first residue block of the G color component image 1nto Equa-
tion (2).

As described above, the second residue block ofthe B color
component image may be generated 1n units of 16x16 blocks,
8x8 blocks, or 4x4 blocks. As an adaptive example, predic-
tion for each macroblock may be performed 1n units of a block
in one of the three block modes.

Next, residue values of the second residue block of the R
color component 1mage may be predicted using residue val-
ues of the first residue block of the G color component image
in a similar manner to the above-described process of gener-
ating the second residue block of the B color component
image.
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Referring back to FIG. 5, once the second residue blocks of
the remaining color component images, 1.€., the B and R color
component 1images, are generated 1n operation 540, the third
residue block generating portion 323 generates a third residue
block of each of the remaining color component 1images by
calculating a difference between the first and second residue
blocks of the corresponding color component image in opera-
tion 550. For example, the third residue block generating
portion 323 generates a third residue block of the B color
component image by subtracting the second residue block of
the B color component image from the first residue block of
the B color component image, and generates a third residue
block of the R color component 1image by subtracting the
second residue block of the R color component image from
the first residue block of the R color component image.

In operation 560, the third residue block of each of the
remaining color component 1images 1s transformed, quan-
tized, and entropy-encoded and 1s output as a bitstream.

In addition, when generating the second residue block of
the R color component image, the second residue block gen-
erating portion 322 may generate the second residue block of
the R color component image using the reconstructed first
residue block of the previously processed B color component
image, instead of using the reconstructed first residue block of
the G color component 1mage. In other words, after recon-
structing the first residue block of the B color component
image by adding the reconstructed third residue block of the
B color component image and the second residue block of the
B color component image predicted from the reconstructed
first residue block of the G color component image, the sec-
ond residue block of the R color component image can be
generated using the reconstructed first residue block of the B
color component 1image 1n a similar manner to the above-
described process of generating the second residue block of
the B color component image.

In particular, assuming that b'; ; denotes a residue value of
a pixel in an i’ row and a " column of a reconstructed pixel
block of the B color component image, r,; denotes a prediction

value, which corresponds to b’ ;, of a pixel in an i row and a
i column of a residue block of the R color component image,
and ¢ denotes a predetermined weight, and d denotes a pre-
determined ofiset value, the second residue block generating
portion 322 predicts corresponding residue values of the R
color component 1mage by substituting the reconstructed

residue values of the B color component image into Equation
(11) below:

o — ’
o oxb+d

(11)

¢ and d 1n Equation (11) may be determined 1n a similar
manner as used to determine a and b. A residue block of the R
color component image with the prediction residue values r,

obtained using Equation (11) forms the second residue block
of the R color component image. The third residue block
generating portion 323 generates a third residue block by
calculating a difference between the first and second residue
blocks of the R color component image.

A bitstream of a color image encoded using the above-
described image encoding method according to an exemplary
embodiment of the present invention includes encoded first
residue block information of a first color component 1image
and third residue block information of the remaining color
component image. In addition, the encoded bitstream may
include predictor information, for example, a and b of Equa-
tion (2) or c and d of Equation (11), which are used to generate
the second residue block. However, when a and b of Equation
(2) or ¢ and d of Equation (11) are generated using recon-
structed neighbor pixel block information 1n a decoding unit
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in the same manner as used 1n an encoding unit, there 1s no
need to sert a and b or ¢ and d 1nto the bitstream.

In the decoding unit, the pixel block of the first color
component 1mage can be reconstructed by decoding the first
residue block of the first color component image, and adding
the decoded first residue block and a prediction pixel block of
the first color component image. When decoding the remain-
ing color component 1image, aiter a first residue block of the
remaining color component image 1s reconstructed by adding,
the second residue block of the remaining color component
image, which has been predicted using the previously
decoded first residue block of the first color component
image, and the decoded third residue block, the decoded first
residue blocks of the remaining color component 1mage 1s
added to a prediction pixel block of the remaining color
component image, thereby reconstructing a pixel block of the
remaining color component 1image.

FIG. 8 1s a block diagram of an image decoding apparatus
according to an exemplary embodiment of the present mnven-
tion.

Referring to FIG. 8, an image decoding apparatus 800
according to an exemplary embodiment of the present mnven-
tion includes an entropy-decoding unit 810, an mnverse quan-
tization/inverse transformation unit 820, a residue generating,
unit 830, a prediction pixel block generating unmit 840, and a
reconstructing unit 850.

The entropy-decoding unit 810 receives a bitstream and
performs entropy-decoding on the bitstream. The inverse
quantization/inverse transformation unit 820 performs
inverse quantization and inverse transformation in order to
extract residue information, motion vector information, and
prediction mode information for each color component
image.

The residue information included in the bitstream of a
color image encoded according to an exemplary embodiment
of the present mvention may include encoded first residue
block information of the first color component 1image and
third residue block information of other color component
images. In addition, the prediction mode information may
include a predetermined syntax indicating whether the bit-
stream has been encoded according to an exemplary embodi-
ment of the present invention, and predictor information used
to generate a second residue block for the prediction of the
second residue blocks of the remaining color component
images. For example, the prediction mode information may
include the constants of Equations (2) and (11) described
above.

The prediction pixel block generating unit 840 generates a
prediction pixel block of a pixel block having a predeter-
mined size of each color component image using the predic-
tion mode information included in the bitstream. In other
words, the prediction pixel block generating unit 840 per-
forms iter prediction or intra prediction according to a pre-
diction mode of the current pixel block to generate a predic-
tion pixel block of the current pixel block.

The residue generating unit 830 generates a second residue
block of the remaining color component image by predicting
a residue of the remaining color component 1mage using the
decoded first residue block of the first color component image
output from the mnverse quantization/inverse transformation
unit 820. Here, the process of generating the second residue
block of the remaining color component image 1s the same as
the process of generating the second residue blocks 1n the
second residue block generating portion 322 of FIG. 4, and
thus a detailed description thereof will not be repeated here.
Once the second residue block of the remaining color com-
ponent 1mage 1s generated, the residue generating unit 830
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decodes a first residue block of the remaining color compo-
nent 1mage by adding the second residue block and the
decoded third residue block of the remaining color compo-
nent image. If a third residue block of a third color component
image 1s predicted using the reconstructed first residue block
of a second color component 1image, the residue generating
unit 830 generates the second residue block of the third color
component 1mage by substituting the residue value of the
reconstructed second residue block of the second color com-
ponent into Equation (11) and decodes the first residue block
of the third color component image by adding the generated
second residue block and the decoded third residue block of
the third color component 1image.

The reconstructing unit 850 reconstructs a pixel block of
the remaining color component 1mage by adding the gener-
ated first color component image of the remaining color com-
ponent 1mage and a prediction pixel block of the remaiming
color component 1mage generated in the prediction pixel
block generating unit 840. For the first color component
image, a pixel block of the first color component 1image may
be decoded without an additional second residue block pre-
diction process by decoding the first residue block included 1n
the bitstream, and adding the decoded first residue block and
a prediction pixel block of the first color component image
generated 1n the prediction pixel block generating unit 840.

FIG. 9 1s a flowchart of an image decoding method accord-
ing to an exemplary embodiment of the present invention.

Referring to FIG. 9, a first residue block of the first color
component images and a third residue block of the remaining
color component image, which 1s included 1n a bitstream, are
decoded 1n operation 910.

In operation 920, a second residue block of the remaining
color component 1image 1s generated using the decoded first
residue block of the first color component image. As
described above, the second residue block of the remaining
color component 1mage may be generated by substituting a
residue value of the decoded first residue block of the first
color component 1image into Equation (2).

In operation 930, a first residue block of the remaining
color component image 1s reconstructed by adding the second
residue block of the remaining color component image and a
decoded third residue block of the remaining color compo-
nent 1mage.

In operation 940, a pixel block of each color component
image 1s reconstructed by adding the prediction pixel block
and the first residue of each color component 1mage. The
above-described processes are performed on each of pixel
blocks constituting a frame to decode all the color component
1mages.

The present invention can also be embodied as a computer-
readable code on a computer-readable recording medium.
The computer-readable recording medium 1s any data storage
device that can store data which can be thereafter read by a
computer system. Examples ol computer-readable recording
media include read-only memory (ROM), random-access
memory (RAM), CD-ROMs, magnetic tapes, floppy disks,
and optical data storage devices. The computer-readable
recording medium can also be distributed over a network of
coupled computer systems so that the computer-readable
code 1s stored and executed 1 a decentralized fashion.

As described above, according to the exemplary embodi-
ments of the present invention, predictive encoding 1s per-
formed using correlation between a plurality of color com-
ponent images constituting a single image, thereby improving
encoding elliciency.

Moreover, according to the exemplary embodiments of the
present 1nvention, encoding 1s performed on an RGB input
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image in an RGB domain without transformation intoaYUV
domain, thereby preventing color distortion during transior-
mation of the RGB 1image into another color format, and thus
improving display quality.

While this invention has been particularly shown and
described with reference to the exemplary embodiments
thereot, 1t will be understood by those skilled 1n the art that
various changes 1n form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the appended claims. The exemplary embodi-
ments should be considered 1n descriptive sense only and not
for purposes of limitation. Therefore, the scope of the mven-
tion 1s defined not by the detailed description of the exem-
plary embodiments of the invention but by the appended
claims, and all differences within the scope will be construed

as being 1ncluded 1n the present invention.

What 1s claimed 1s:

1. An image encoding method comprising;

generating a first residue block of each of a plurality of

color component 1mages of an 1put image, the first
residue block corresponding to a difference between an
input pixel block and a prediction pixel block of the each
of the color component images;

encoding the first residue block of a first color component

image among the color component 1images;
reconstructing the encoded first residue block of the first
color component 1mage;
generating a second residue block of each of at least one of
remaining color component images which does not
comprise the first color component 1mage by predicting
a residue of the each of the at least one of the remaining
color component 1mages using the reconstructed first
residue block of the first color component image; and

generating a third residue block of the each of the at least
one of the remaining color component images by calcu-
lating a difference between the first and second residue
blocks of the each of the at least one of the remaining
color component 1images.

2. The image encoding method of claim 1, wherein the
color component images comprise ared (R) color component
image, a green () color component 1mage, and a blue (B)
color component 1mage.

3. The image encoding method of claim 1, wherein the
generating a first residue block of each of a plurality of color
component 1mages of an input 1image comprises generating
the prediction pixel block of the input pixel block of the each
of the color component images by performing at least one of
inter prediction and intra prediction on the each of the color
component 1mages in units of a block.

4. The image encoding method of claim 1, wherein the
generating a second residue block of each of at least one of
remaining color component images which does not comprise
the first color component image 1s performed by calculating a
prediction residue value Y, using the equation below:

Y =a xX' +b

where 1x], where 1 and 7 are integers, denotes a size of the
reconstructed first residue block of the first color com-
ponent 1mage, X'Ij denotes a residue value in an i”” row
and a i” column of the reconstructed first residue block

of the first color component image, Y ,; denotes a predic-

tion residue value, which corresponds to X'I_.}.,J of the sec-
ond residue block of the each of the at least one of the
remaining color component images, a denotes a prede-
termined weight, and b denotes a predetermined offset
value.
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5. The image encoding method of claim 4, wheremn a and b
are determined based on a linear regression model using a
reconstructed neighbor residue block of the first color com-
ponent 1mage and a reconstructed neighbor residue block of
the each of the at least one of the remaining color component
1mages.

6. The image encoding method of claim 4, wherein a 1s 1,
and b 1s an average of differences between residue values of a
reconstructed neighbor residue block of the each of the at
least one of the remaining color component images and resi-
due values of a reconstructed neighbor residue block of the
first color component 1image.

7. The image encoding method of claim 1, wherein the
generating a second residue block of each of at least one of
remaining color component images which does not comprise
the first color component 1mage comprises: generating the
second residue block of a second color component 1mage,
among the remaining color component 1mages, using the
reconstructed first residue block of the first color component
image; and

generating the second residue block of a third color com-
ponent 1mage, among the remaining color component
images, using a first residue block of the second color
component i1mage which 1s reconstructed from an
encoded first residue block of the second color compo-
nent 1mage.

8. An 1image encoding apparatus comprising;

a Processor;

a prediction pixel block generating unit, executed on the
processor, which generates a prediction pixel block of an
input pixel block of each of a plurality of color compo-
nent 1images constituting an input 1mage;

a residue generating unit which generates:

a first residue block of each of the color component
images that corresponds to a difference between the
input pixel block and the prediction pixel block of the
cach of the color component images;

a second residue block of each of at least one of remain-
ing color component images which does not comprise
a first color component 1mage among the color com-
ponent 1mages by predicting a residue of the each of
the at least one of the remaining color component
1mages using a reconstructed first residue block of the
first color component 1mage; and

a third residue block of the each of the at least one of the
remaining color component 1images, that corresponds
to a difference between the first and second residue
blocks of the each of the at least one of the remaining
color component images; and

an encoding unit which encodes the generated residue
blocks.

9. The image encoding apparatus of claim 8, wherein the
color component images comprise ared (R) color component
image, a green (G) color component 1mage, and a blue (B)
color component 1image.

10. The image encoding apparatus of claim 8, wherein the
prediction pixel block generating unit generates the predic-
tion pixel block of the mput pixel block of the each of the
color component 1images by performing at least one of inter
prediction and intra prediction on the each of the color com-
ponent 1mages 1n units of a block.

11. The image encoding apparatus of claim 8, wherein the
residue generating unit generates the second residue block of
the each of the at least one of the remaining color component
images by calculating a prediction residue value Y,; using the

equation below:

Yijza x X ’Ij+b

where 1x], where 1 and 1 are integers, denotes a size of the
reconstructed first residue block of the first color com-
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ponent 1mage, X'Ij denotes a residue value in an i” row
and a i” column of the reconstructed first residue block

of the first color component image, Y ,; denotes a predic-

tion residue value, which corresponds to X'I_.}.j of the sec-

ond residue block of the each of the at least one of the

remaining color component 1mages, a denotes a prede-
termined weight, and b denotes a predetermined offset
value.

12. The image encoding apparatus of claim 11, wherein a
and b are determined based on a linear regression model using
a reconstructed neighbor residue block of the first color com-
ponent 1mage and a reconstructed neighbor residue block of
the each of the at least one of the remaining color component
1mages.

13. The image encoding apparatus of claim 11, whereimn ais
1, and b 1s an average of differences between residue values of
a reconstructed neighbor residue block of the each of the at
least one of the remaining color component 1images and resi-
due values of a reconstructed neighbor residue block of the
first color component 1mage.

14. The image encoding apparatus of claim 8, wherein the
residue generating unit generates:

the second residue block of a second color component

image, among the remaining color component images,

using the reconstructed first residue block of the first
color component 1image; and

the second residue block of a third color component image,

among the remaining color component images, using a

first residue block of the second color component image

which 1s reconstructed from an encoded first residue
block of the second color component 1image.

15. An image decoding method comprising operations of:

receiving a bitstream comprising:

a first residue block of each of a plurality of color com-
ponent 1mages of an mput 1mage, the first residue
block corresponding to a difference between an input
pixel block and a prediction pixel block of the each of
the color component images; and

a third residue block of each of at least one of remaining
color component 1images which does not comprise a
first color component 1mage among the color compo-
nent images, the third residue block corresponding to
a difference between a second residue block of the
cach of the at least one of the remaining color com-
ponent 1mages predicted using the first residue block
of the first color component image, and the first resi-
due block of the each of the at least one of the remain-
ing color component images;

decoding the first residue block of the first color compo-

nent image and the third residue block of the each of the

at least one of the remaining color component images;

generating the second residue block of the each of the at
least one of the remaining color component images by
predicting a residue of the each of the at least one of the
remaining color component 1mages using the decoded
first residue block of the first color component image;

reconstructing a first residue block of the each of the at least
one of the remaiming color component images by adding
the generated second residue block and the decoded
third residue block:; and

reconstructing pixel blocks of the color component 1images

by adding the prediction pixel block and the first residue

block of the each of the color component images.

16. The image decoding method of claim 15, wherein the
color component images comprise ared (R) color component
image, a green () color component 1mage, and a blue (B)
color component 1mage.
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17. The image decoding method of claim 15, wherein the
generating the second residue block of the each of the at least
one of the remaining color component 1mages 1s performed
by calculating a prediction residue value Y ; using the equa-

tion below:

Y;~a xX ’Ij+b

where 1x], where 1 and 1 are integers, denotes a size of the
decoded first residue block of the first color component
image, X'Ij denotes a residue value in an i”” row and a i
column of the decoded residue block of the first color
component image, Y, denotes a prediction residue

value, which corresponds to X'I.j,, of the second residue
block of the each of the at least one of the remaining
color component 1mages, a denotes a predetermined
weilght, and b denotes a predetermined oflset value.

18. The image decoding method of claim 17, wherein a and
b are determined based on a linear regression model using a
decoded neighbor residue block of the first color component
image and a decoded neighbor residue block of the each of the
at least one of the remaining color component images.

19. The image decoding method of claim 17, wherein a 1s
1, and b 1s an average of differences between residue values of
a decoded neighbor residue block of the each of the at least
one of the remaining color component 1mages and residue
values of a decoded neighbor residue block of the first color
component 1mage.

20. The image decoding method of claim 15, wherein the
generating the second residue block of the each of the at least
one of the remaining color component 1mages comprises:

generating the second residue block of a second color

component image, among the color component images,
using the decoded first residue block of the first color
component image; and

generating the second residue block of a third color com-

ponent 1mage, among the color component images,
using a decoded first residue block of the second color
component 1mage.

21. An 1image decoding apparatus comprising:

a Processor;

a decoding unit, executed on the processor, which:

receives a bitstream comprising:

a first residue block of each of a plurality of color
component images of an input image, the first resi-
due block corresponding to a difference between an
input pixel block and a prediction pixel block of the
cach of the color component images; and

a third residue block of each of at least one of remain-
ing color component 1images which does not com-
prise a first color component 1mage among the
color component 1images, the third residue block
corresponding to a difference between a second
residue block of the each of the at least one of the
remaining color component images predicted
using the first residue block of the first color com-
ponent image, and the first residue block of the each
of the at least one of the remaining color compo-
nent 1mages, and

decodes the first residue block of the first color compo-
nent image and the third residue block of the each of
the at least one of the remaining color component
1mages;

a residue generating unit which:

generates the second residue block of the each of the at
least one of the remaining color component images by
predicting a residue of the each of the at least one of
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the remaining color component 1mages using the
decoded first residue block of the first color compo-
nent image; and

reconstructs a first residue block of the each of the at
least one of the remaining color component images by
adding the generated second residue block and the
decoded third residue block of the each of the at least
one of the remaining color component 1images; and

a reconstructing unit which reconstructs pixel blocks of the

color component 1mages by adding the prediction pixel
block and the first residue block of the each of the color
component 1mages.

22. The image decoding apparatus of claim 21, wherein the
color component images comprise ared (R) color component
image, a green () color component 1mage, and a blue (B)
color component 1mage.

23. The image decoding apparatus of claim 21, wherein the
residue generating unit generates the second residue block of
the remaining color component images by calculating a pre-
diction residue value Y, using the equation below:

Y,~a xX',+b

where 1x], where 1 and 7 are integers, denotes a size of the
decoded first residue block of the first color component
image, ' ;; denotes a residue value i an i”” row and a j”
column of the decoded residue block of the first color
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component image, Y, denotes a prediction residue

value, which corresponds to X'I.j,, of the second residue
block of the each of the at least one of the remaiming
color component 1mages, a denotes a predetermined
weight, and b denotes a predetermined oflset value.

24. The image decoding apparatus of claim 23, wherein a
and b are determined based on a linear regression model using
a decoded neighbor residue block of the first color component
image and a decoded neighbor residue block of the each of the
at least one of the remaining color component 1mages.

25. The image decoding apparatus of claim 23, wherein a 1s
1, and b 1s an average of differences between residue values of
a decoded neighbor residue block of the at least one of the
remaining color component images and residue values of a
decoded neighbor residue block of the first color component
image.

26. The image decoding apparatus of claim 21, wherein the
residue generating unit generates:

the second residue block of a second color component

image, among the color component 1images, using the
decoded first residue block of the first color component
image; and

the second residue block of a third color component image,

among the color component 1mages, using a decoded
firstresidue block of the second color component image.
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